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CUTTING DIE AND METHOD OF FORMING 



Background of the Invention 
This invention relates to cutting dies and, in particular, to 
the nnanufacture of dies for cutting various stocic nnaterials. 

Cutting dies are Icnown for cutting or severing one portion 
5 of a stocic materia! from another. For exannple, cutting dies are used for 

cutting sheets of paperboard or plastic or metal into predetermined 
blanlcs. in one form of known cutting operation, two rotary cylinders, 
each having small integral cutting blades extending radially from the 
cylindrical surface, are juxtaposed so that when rotated, the blades 
1 0 engage generally opposite sides of a woric stock and cooperate to sever 

the stock into a blank, the shape of which is determined by the blade 
configuration. One such operation is illustrated in U.S. Patent No. 
4,608,905, incorporated herein by reference. 

The process of forming each cylindrical die requires certain 
1 5 process treatments to insure the blades will provide the desired cutting 



action over a long operational life. Specifically, the blades must be very 
hard In order to provide sufficient blade life before reconditioning is 
required. 

In one form of die preparation then, an entire die cylinder of 
appropriate size is heat-treated to bring the cylinder's surface to a 
requisite hardness, on the order, for example of about HRC 60 on the 
Rockwell hardness scale. Since the blades are formed Integrally from the 
cylinder, the next process is to remove cylinder material to form and 
define the integral blades which areto extend radially outwardly from the 
cylinder's surface. While it might he possible to mill the surface down 
to form the blades, the hardness of the cylinder makes milling a bad 
choice. 

Accordingly, It is known to use the process of electro 
discharge machining (EDM) to form the die. in this process, a graphite 
cylinder is formed in the negative configuration of the to-be-formed die 
cylinder and blades. The graphite cylinder and die cylinder are 
juxtaposed in an electric discharging environment so the die cylinder 
metal is eaten away, leaving the hardened cutting blades extending 
upwardly from the relieved cylinder surface. This is a slow process and, 
where the cylinder is large, such as twelve inches or even more in 
diameter and several feet long, the process can take days. 



Manufacturers tiave attempted to form the die first, then 
harden It. Ttiis reversed procedure does not work weil. The cylinder and 
its extended iilades must be heated to austentiting temperature, which 
is about 1900'' F to 2000" for D2 steel, in order to produce the desired 
blade hardness. When such a pre-f ormed cylinder is removed from the 
furnace to cool down, it may distort or crack in the areas around or in 
the die blades. This distortion is believed to be due to several principles, 
including thermal deformation and phase transformation deformation 
resulting from differential cooling rates between the relative low mass 
blades and the high mass cylinder, and between surface and interior of 
a die. 

■More particularly, when the cylinder cools, its .surface cools 
faster than the interior. Uneven volume change due to both thermal and 
phase transformation causes the die to crack or distort beyond 
acceptable limits. Also, in orderto produce the hardening required, the 
metal must be heated to the necessary level to cause the desired phase 
transformation. While such phase transformation in the blades is desired 
in orderto produce the desired hardness, the fast cooling required from 
austentiting temperature of about 1900° F to produce the phase 
transformation is a cause of undesirable cracking and distortion of the 
blades on the cylinder due to the varied rates of phase transformation 
between die surface and interior. These phase transformations in the 
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metal take place at different rates due to the tieat distribution throughout 
the varied mass configuration of the blades and the cylinder. This 
produces volumetric or density changes which can cause cracking or 
distortion, particularly in the blades and on the cylinder surface. 

Thus the difficulty faced by a die manufacturer is the 
conflict between the need for hard blades for die life and the preferability 
of soft surface material tor formation of the die blades. When the die is 
first hardened, a slow, expensive and capital intensive EDM process is 
required to form the blades. If the blades are first milled, and then the 
cylinder heated and cooled to harden the blades, distortion and cracking 
may result. 

Accordingly, it is one objective of the invention to provide 
an improved process for manufacturing a cutting die. 

In order to overcome certain of the foregoing difficulties, 
applicant has proposed and filed on even date herewith a related 
application, entitled "Cutting Die and Method of Making", directed to the 
process of making a cutting die by first forming the blades on a die 
surface such as a cylinder, and then hardening the blades by scanning 
them with a laser mounted for five-axis movement and controlled by 
CNC technology. This provides a process for efficiently forming cutting 
dies from such material as 4150 medium carbon, low alloy steel. The 
blades are first milled before hardening and then heated and hardened by 
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the laser so there is no undue or significant distortion or craclcing. Such 
process is particularly effective for materials such as 4150 medium 
carbon, low ailoy steel as noted. 

One difficulty in that process is that of annealing portions 
5 of previously-hardened intersecting blades and thus causing a soft spot 

in such blades which might reduce die life or the functional time between 
blade reconditioning. 

Also, that process is somewhat material-dependent, since 
it is difficult to use materials such as high carbon, high alloy steel such 

10 as that steel known as D-2, or even higher grades of steel. Such higher 

grade steel, if usable in a cutting die, would provide longer useful life. 
However, if the die of D-2 steel is made by first milling and then laser 
hardening is attempted, the hardening process is difficult to control. If 
the laser intensity and traverse speed are controlled to produce the 

1 5 desired case hardening depth, the steel blade suffers the possibility of 

surface melting. On the other hand, faster traverse speed or reduced 
beam intensity may not raise the temperature high enough to harden 
the D-2 blade to sufficient depth. While the heat parameters might be 
successfully controlled to produce desired hardening, these narrow 

20 criteria render the process more difficult to control. 

Finally, another problem with that laser hardening process 
when using higher grade steel is that of material cost. Frequently the 



cuttins dies are formed integrally from cylinders which are ten or more 
inches in diameter and several feel long. Such cylinders weigh hundreds 
or thousands of pounds. Thus, use of a tiigh grade steel such as D-2, 
which may costthree to fourtimes as much as plain carbon steel or low 
alloy steel, such as 1045 or 4150 steel, for example, substantially raises 
the cost of the finished die, Moreover, use of a yet higher grade of steel, 
providing even longer life, such as that steel known as CMP10V or 
CMP1 5V may be eight times the cost of D-2 steel. Use of such even 
higher grades of steel even more substantially increases material costs. 
Also it is extremely difficult to direct machine these materials. 

Since the blades of the cutting dies do the cutting work, it 
accordingly would be preferable to select the die material based on the 
parameters needed for the blade, rather than on the parameters 
demanded by the response of the entire die cylinder to the heat treating 
or intended machining processes, and by the blade support and 
toughness factors required in the cylinder. In the case of an integral 
cutting die such as the cylindrical die described, however, selection of a 
higher grade steel, such as D-2, to satisfy blade parameters requires the 
entire cylinder to be of the high grade, and thus a much more costiy die. 

Accordingly, it has been a further objective of the invention 
to provide an improved process for making a cutting die having hard, 



iong-life blades of tiigh grade steel at substantially the same cost as 
cutting dies formed integrally of lower grade steeL 

A further objective of the Invention has been to provide a 
process for making a cutting die which process allows for the selection 
of material based on desired blade parameters and life without unduly 
increasing the cost of the die. 

To these ends, and according to one embodiment of the 
invention, a process for forming a cutting die includes scanning a die 
surface witha laserthrough a desired blade pattern, introducing selected 
powder into the area being scanned by the laser beam to build up an 
integral blade along the scan pattern and thereafter forming the final 
shape of the blade by milling, grinding, electric discharge machining 
(EDM) or other suitable process. Optionally, the formed blade may then 
additionally be heat treated and/or cryogenic treated, if required. The 
blade is formed preferably in one laser pass wherein a blade height of 
about two millimeters is produced. Additional passes might be used 
where higher blades are desired. Also, lasers of higher power can be 
used to build higher blades in a single pass, but the cost of higher 
powered lasers than that necessary for a two millimeter blade height, can 
be prohibitive. 

Such a cladding process as is described above provides 
numerous advantages in forming cutting dies. First, the materials for the 
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die blades and for the die cylinder can be selected xespectiveiy based on 
the varied parameters of each, such as blade hardness and life on the 
one hand, and die cylindertoughness on the other, withoutthe huge cost 
increases when the entire die body must be of the selected blade 
5 material. 

Secondly, the process produces a metallurgical bonding of 
powdered blade material to the die body material. Such a bond is much 
more secure than a mechanical bond as might result from conventional 
surface coating techniques, and essentially produces a die blade of high 
10 grade material integrally with a die body of lower grade, less costly 

material. 

Thirdly, once the blade is formed, it may be finally shaped 
by any suitable technique, such as by EDM or by grinding or by milling. 
EDM shaping is preferred. As compared, however, to prior processes 

15 where the entire blade is formed by an EDM process removing cylinder 

material in relief, the final shaping process is relatively quicker and less 
costly. Only very small portions of the formed blade need be removed 
to form the final, preferably tapered blade shape with each side inclined 
about 25" to 35 °, and no cylinder material need be removed to define 

20 the blade. 

Thus, this cladding process produces a distinct blade feature 
on a die cylinder or body, useful as a cutting blade. The powdered 
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material may be D-2 steel or a higher grade, such as CMP10V or 
CMP15V I, for example, for producing a very hard, long-life blade. It is 
not necessary, however, to use such tilgh grade material in the die 
cylinder or body, which can be made of 4150 or even 1045 steel, for 
5 example sufficient to provide a strong die body. Material cost is 

substantially reduced while, atthe same time, blade performance and life 
is substantially increased. Blade material is selected based on blade 
performance criteria while die body material is selected based on die 
body parameters, yet an integral cutting die is formed at a lower material 
10 cost than previously attainable when enhanced blade life is desired. 

These and other objectives and advantages will become 
even more readily apparent from the following detailed description of a 
preferred and alternative embodiment of the invention, and from the 
drawings in which: 

15 Fig. 1 is a schematic illustration of a process according to 

the invention; 

Fig. 2 is a schematic illustration of blade formation on a die 
cylinder by the process according to the invention; 

Fig. 3 is a partial cross-sectional view of a blade formed by 
20 the process of the invention and before shaping; 

Fig. 4 is a view similar to Fig. 3 but showing the blade 
portions removed in final shaping; 



Fig. 5 IS an illustrative view similar to Fig, 4 but contrasting 
the formation process tierein with previoustechniques of blade-formation 
from the die cylinder material; and 

Fig. 6 is a view similar to Fig, A but illustrating an optional 
heat treating or hardening step. 

Turning nowtothe drawings, 3 diagrammatic illustration of 
the apparatus and process for carrying outthe invention is shown in Fig. 
1 . A CO2 laser head 1 0 and generator 1 1 , controlled by a CNC 1 2, are 
operationally interconnected. Such a CO2 laser head 10 and laser 
generator 11 can be, for example, the laser components manufactured 
by TRUMPF, incorporated of Farmington, Connecticut according to its 
model no. TLF 2600 turbo. The path and density of laser beam can be 
controlled by the CNC 12. One such CNC is made by Boston Digital 
Corp. of Boston, Massachusetts under the model no. BD85-2. The die 
is mourned on a three, and preferably four, axis machine tool 15. One 
such machine tool is made by Boston Digital Corp. under the model no. 
BD85-2. Powder feeder 1 6 can be either a side feeder or coaxial feeder 
which is preferable. Such a side feeder is manufactured by Suizer Metco 
(Wostbury, Inc) of Cincinnati, Ohio under model METCO Type 9MP. A 
die cylinder 1 3 is shown with the blade 1 4 being formed therein. The die 
cylinder is rotated fay the machine tool 1 5, which is also controlled by the 
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CNC machine 12 to coordinate witii the laser head 10 and the laser 
generator 11, The powder feeder 16 is associated with the laser head 
1 0, so as to selectively introduce powder into the area being clad, as will 
be described. 

5 It will be appreciated that the movement of laser beam with 

respect to die surface is controlled by CNC 12. Either laser head 1 0 or 
die cylinder 13 moves along the path corresponding to the desired 
configurations of the die blades to be extended therefrom. 

Turning now to Fig. 2 there is illustrated a part of the 

10 process of the invention. The laser beam 10 is scanned along the die 

surface 13A, so as to melt or "puddle" an area 17 in the surface 13A, 
along a path corresponding to the desired die blade pattern. Upon such 
melting or puddling, the powder 16A is fed into the area being clad by 
the laser so that in one pass along the surface 13A, as illustrated in Fig. 

15 13, a die blade of half ellipse cross-sectional dimension is formed. The 

material of the die body 13 is selected to conform to the desired 
parameters in the die body fortoughness. Ordinary, medium carbon plain 
steels or medium carbon low alloy steels such as 1 045 or 41 50 steel, for 
example, may be used. 

20 in contrast, the material which is preferably introduced in 

powder form, to form the blade 1 4, may be of another material selected 
based on the desired parameters of the die blade. This material can be a 
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very hish grade steel, such as CMP1 OV or CMP1 5V, or a metai-ceramic 
composite, such as a nickel base superalloy plus 30-40% (volume 
fraction) tungsten carbides. 

Presently, the deposition of powder through a powder 
5 nozzle, for example {not shown), forms a generally half ellipse cross- 

sectional die blade 14 as illustrated in Fig. 3. It is preferable to have the 
final die blade in a cross-sectional profile with edges which are 
somewhat tapered such as, for example, at about 25° to about 35°. 
Such die blade shapes, for example, are disclosed in U.S. Patent No. 
10 4,608,895, which render the die blades suitable for contact with an 

opposing die for cutting a work piece inserted therebetween. 

Fig. 4 illustrates the desired final shape of the die blade 14. 
In Fig. 4, it will be appreciated that areas 21, 22 and 23 have been 
removed from the die blade 14, so the die blade 14 is of tapered or 
15 truncated configuration in cross-section. 

It will be appreciated that it is only necessary to remove the 
relatively small areas 21 , 22 and 23 to form the final die blade 14 from 
the half-ellipse shape of the die blade as illustrated in Fig. 3. As a result 
of the cladding process by which the die blade material is built up, the 
20 die blade is formed integrally with the die body 13 and a metallurgical 

bonding is produced between the die blade and the die body. Once the 



blade 14 is finally shaped, as shown in Fig. 4, it can be readily used as 
a cutting die. 

It may be desirable to further harden the die blade and this 
may be accomplished by any suitable technique, such as by raising the 
die blade material to a temperature sufficient for further strengthening 
that material and/or by cryogenic treating the clad tracks to eliminate the 
remaining austenite in the cladding material. For example, the die blade 
could be treated by scanning a laser beam along the die blades where the 
parameter of the traverse speed and intensity are appropriate to produce 
the optimum microstructures and hardness. It will be appreciated, 
however, that by virtue of the use of very high quality steel in the 
forming of the blade, such as those mentioned above, the optional heat 
treating steps for strengthening die blade may be unnecessary. 
Alternatively, localized hardening might be accomplished by induction 
heating. 

The final shape and size of the die blade are important. The 
die blade must be high enough to provide the desired cutting of the 
desired workpiece. For many applications, it has been found that a die 
blade of approximately 1.5 to 2.0 millimeters is high enough for a large 
number and variety of applications. Where the die blade is to be tapered, 
it has also been found that, after blade shaping, the top surface 14A of 
the die blade, as shown in Fig. 4, will be approximately .035 inches 



- 14- 

wide. Such a die blade would be suitable for rotary pressure cuts, for 
example. On the other hand, if It is desired to produce crush cut die 
blades, the width of the die blade top 14A may be, for example, 0.001- 
0.002 inches. 

5 It will be appreciated that the final shaping of the die blade, 

as illustrated in Fig. 4, may be carried out by any suitable process. It is 
preferred to use an electronic discharge machine (EDM) process to 
remove the small amount of material necessary on each side of the die 
blades. Of course, the die blades could be ground or milled into the 

1 0 desired shape. 

Turning now to the illustration of Fig. 5, there is shown a 
die blade 14 formed according to the invention on a die surface 13A of 
a die body 13. The phantom line 25 is used to contrast the process of 
the invention with prior processes where the die blades were formed 

15 integrally from the die body. For example, in a prior process, a die body 

may have had an outer periphery 25. in order to form a die blade 14, it 
was thus necessary to machine away or remove or relieve all the material 
of the die body from periphery 25 down to a surface 1 3A, except for the 
remaining blade material illustrated by the blade 14 in Fig. 5. 

20 It will be appreciated that, according to the invention, the 

starting material Is s die body 13 having a surface 13A and that the die 
blade 14 is built up as a feature on the die surface 13A. It is thus not 
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necessary to start with a cylinder tiaving a periphery such as 25 and then 
grind or remove away the material illustrated between the surface 1 3A 
and the phantom line 25. Instead, the only shaping required is as 
illustrated in Fig. 4, where final shaping of the sides of the die blade is 
5 performed with only material designated at 21, 22 and 23 being 

removed- It will also be appreciated that, as contrasted with the prior 
processes, the die blade 14 can be formed of any suitable materials, 
based on the desired parameters for the die blade itself, and is not 
necessarily the same material as the die body. 

1 0 Accordingly, very high grade materials can be utilized in the 

formation of the die blades without purchasing an entire die cylinder 
made of the same high grade and high cost steel. 

Turning now to the process of this invention, it will be 
appreciated that a laser of approximately two kilowatt or above is useful 

15 in cladding or building up the die blade material. Die blades of 

approximately two millimeters or somewhat greater in height may be 
produced in a single pass with such a laser. It would be possible to build 
up the die blades by multiple laser passes assuming, of course, that the 
intersections of the various layers did not present a usage or a wear 

20 problem in the final die blade. 
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tt wili also be appreciated that lasers of higher power could 
be utilized to build up die blades of significantly higher or greater depth 
in a single pass, or blade metal with a higher melting temperature, 
however, much higher performance lasers would be necessary and these 
cost substantially more. The ability to manufacture cutting dies having 
blades of exceedingly hard material and thereby increasing the useful life 
of the cutting die, makes it unnecessary to produce die blades of such 
height as a softer blade which would be required for a large number of 
reconditioning cycles. Presently, blades of otherwise unnecessary height 
are the case with cutting dies manufactured of relatively lower grade 
steels, even though they are hardened. 

It should be appreciated that in this invention, a CO^ 
laser which can locally melt die surface and powder. However, the laser 
generation medium is not limited to C02gas. Any other types of lasers 
which use different mediums could also be applied if they can generate 
enough power. 

Finally, it should be appreciated that in this invention, the 
blades can be built up via cladding using a heating source {laser beam) 
and a cladding material supply (powder). However, the heating source 
which is used to melt cladding material and die surface is not limited to 
lasers. Any other heating sources which can quickly raise temperature 
on the selected area could be used in this invention, for example, thermal 
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-spraying gun, ion beann, electron beam and plasma transfer arc, etc. On 
the other hand, the cladding materials are not limited to powder. For 
example, welding wire, gaseous materials, liquid materials, might be used 
without departing from the scope of the invention. 
5 Having now described the preferred embodiment and 

tjptional features of the invention, other advantages and modifications 
will become readily apparent to those of ordinary skill in the art without 
departing from the scope of the invention, and the applicant intends to 
be bound only by the claims appended hereto. 
10 What is claimed: 



- 18 - 

1 . A method of forming a cutting die comprising the steps of: 

cladding a blade material onto a die surface to form a blade 

extending outwardly from said surface; and 
shaping the cladded blade. 
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2. A method as in claim 1 winerein said cladding step includes: 

heating an area of said die surface ; and 
introducing blade material into the tieated area and building 

a blade of said material outwardly from said surface, 

5 3. A method as in claim 1 including heating said area with a 

Jaser. 

4. A method as in claim 2 including introducing cladding 

powder into the heated area for building said blade. 

5 . A method as in claim 2 wherein said shaping step includes 

10 shaping said blade by electrical discharge machining. 

6. A method as in claim 2 wherein said shaping step includes 
shaping said blade by milling. 

7. A method as in claim 2 wherein said shaping step includes 
shaping said blade by grinding. 



15 



8 . A method as in claim 1 including the further step of heat 

treating said blade. 
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9- A method as in claim 1 including the further step of 

cryogenic treating said blade. 



10. A method as in claim 1 wherein said cladding step includes: 

scanning a laser beam along a die surface, in 3 path 
5 corresponding to a desired blade pattern; 

melting said die surface along said path; and 
introducing metal into said path while heating said path to 
build up a die blade in said pattern. 

11 . A method as in claim 10 including heat treating said die 

10 blade after said shaping to harden said die blade. 



12. A method as in claim 1 0 wherein said metal introducing step 

includes introducing cladding powder into said path. 



CUTTING DIE AND METHOD OF FORTVllNG 



Abstract of the Disclosure 

A cutting die is -formed by scanning a laser beam along a 
path corresponding to a blade pattern, and introducing a selected powder 
to build up an integral blade of high grade, and hard-to-wear material on 
the relatively softer die body. The final blade shape is machined or 
produced by EDM or milling. Further hardening by heat treatment is 
optional. Other heat sources and cladding materials could be used. 
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Grossman (R. No. 29,799), Clement H. Luken, Jr. (R. No. 32,742), Thomas J. Burger 
(R. No. 32,662), Gregory F. Ahrens (R. No. 32,957), Joseph R. Jordan (R. No. 
25,686), Wayne L. Jacobs (R. No. 35,553), Kurt A. Summe (R. No. 36,023), Kevin G. 
Rooney (R. No. 36,330), C. Richard Eby (R. No. 25,854), Theodore R. Remaklus (R. 
No. 38,754), Thomas W. Humphrey (R. No. 34,353), Keith R. Haupt (R. No. 37,638), 
David E. Pritchard (R. No. 38,273), J. Dwight Poffenberger, Jr. (R. No. 35,324) 
and Stephen W. Barns (R. No. 38,037) in care of Wood, Herron & Evans, 2700 Carew 
Tower, Cincinnati, Ohio 45202, and telephone No. 513-241-2324, my attorneys with 
full power of substitution and revocation, to prosecute t.his application and to 
transact all business in the Patent and Trademark Office connected therewith. 
All correspondence should be sent to Wood, Herron £ Evans, 2700 Carew Tower, 
Cincinnati, Ohio 45202. 



Wherefore I pray that Letters Patent be granted to me for the 
invention or discovery described and claimed in the foregoing specification and 
claims, and I hereby subscribe my name to the foregoing specification and claims, 
declaration, power of attorney, and this petition. 

I hereby declare that all statements made herein of my owji knowledge 
are true and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

Tzyh-Chyang Cherng 

Full name of sole or first inventor 



Inventor ' s Signature Date 

1878 Dorchester Drive, #206, Troy Michigan 48084 
Resiaence 

People ' s Republic of China 

Citizenship' 

1878 Dorchester Drive, #206, Troy, Michigan 48084 
Post Office Address 
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Yu Zhang 



Full name of second inventor 


Second Inventor's Signature 


Date 


419 Greenwich Drive, #G, Howell, 


Michigan 48843 


Residence 




People's Republic of China 




Citizenship 




419 Greenwich Drive, #G, Howell, 


Michigan 48843 


Post Office Address 
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